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Abstract

Cerium oxide nanoparticles have numerous applications owing to their catalytic and auto-regenerative
property. They can shift between ce®** and ce*" oxidation states making it a good free radical scavenger
and a suitable candidate for biological applications. They are also known for their ability to inhibit SOD
and CAT activity. Cerium oxide nanobiocomposite of L-asparaginase labeled with FITC were
synthesized using simple co-precipitation method and was found to have size of 2.77 nm. Maximum
absorption was shown in the UV spectrum between 400-500nm. The cubic shape of the cerium oxide
nanobiocomposite was found using SEM. Anticancer activity was checked by performing MTT assay.
The cell viability was found to be 52.62% for 1Cso concentration of 125 (ug/ml) on A549 lung cancer

cell line.
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Introduction

Lung cancer is known to be the leading
cause of death in European countries. It is
reported to occur due to long term tobacco
smoking (85%) and about (15%) due to passive
smoking. Also genetic factors, exposure to radon
gas, asbestos can cause lung cancer [1]. Current
treatments for lung cancer focus on surgery,
chemotherapy and radiotherapy. All the above
methods are temporary and provide palliative
cure risking the healthy nearby cells. Hence a
targeted drug delivery system should be
designed for a promising future therapy [2].
Cerium oxide nanoparticles are known and have
been widely used for chemical and mechanical
planarization in semiconductor industry [3].
Studies have shown that cerium oxide
nanoparticles prevent various cellular damages
due to biological chemical and radiological
effects making them suitable for biological
applications [4]. They show promising effects
when used as catalysts in solar panels, fuel cells,
diesel fuel additive for glass and ceramic
applications [5]. Nanoceria are known for their
stability as they don’t undergo crystallographic
change at room temperature due to is high
melting point [6].

Cerium oxide nanoparticles work in a
unique way by protecting the surrounding tissue
of the targeted cells/tissues from radiation
induced damage and oxidative stress as they
have capacity to kill only the irradiated cancer
cells [7]. In another way they exhibit differential
toxicity on cancer cells through SOD like
activity. SOD enzyme act as a radio- sensitizing
agent interfering with DNA damage response by
delaying the G,/M cell transition causing cell
accumulation in G, phase of cell cycle allowing
more cell death through DNA damage [8].
Nanoceria are known to display pro-oxidant or
antioxidant redox activity, thereby increasing the
ROS level in tumor cells resulting in apoptosis
of cancer cells, while normal surrounding cells
remain intact. All the above citing is in
accordance with the fact that cerium oxide
nanoparticles have antitumor property and can
be used for targeted drug delivery applications.
The present work is focused the synthesis of
cerium oxide nanobiocomposite of
L-asparaginase and testing their cytotoxicity on
A549 lung cancer cell line.

Cerium oxide nanobiocomposite of
L-asparaginase provide synergetic effect in
killing cancer cells due to their inherent
anticancer  property  of  L-asparaginase.
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Asparaginase is a hydrolase enzyme with
enzyme commission (EC) number 3.5.1.1. It
catalyses the deamidation reaction of
L-asparagine present on the surface of cancer
cells to L-aspartate and ammonia thereby
reducing their concentration on the cell surface
[9]. Though L-asparagine is also present on the
surface of normal cells, they have the inherent
mechanism and can synthesize intracellular L-
asparagine from aspartic acid and glutamine
using asparagine synthetase [10].

However neoplastic cells/tumor cells lack
the cellular mechanism to re-synthesize
L-asparagine due to damaged DNA mechanism
and become depleted of the L-asparagine
concentration on their cell surface concentration
on their cell surface, leading to their death on
treating with L-asparaginase as L- asparagine is
crucial for activation and proliferation of tumor
cell by acting as an amino acid exchange factor
[11, 12]. Thus the present work was focused on
synthesis of cerium oxide nanobiocomposite of
L-asparaginase for use as a drug for lung cancer.

Materials and methods
Chemicals used

The metal precursor cerous nitrate for
cerium oxide nanoparticles were purchased from
LOBA CHEIME, India. The fungal strain
Aspergillus terreus MTCC 1782 used for the
production of L-asparaginase was obtained from

CSIR-Institute  of  Microbial ~ Technology,
Chandigarh, India.
Preparation of inoculum culture for

asparaginase synthesis

Aspergillus terreus strain was cultivated
in Czepak agar slants at 37°C for 4 days.
Czepak-Dox Agar slant containing the following
ingredients; Solution-A: 0.1 g L-asparagine, 0.4
g sodium nitrate. 0.1 g potassium chloride, 0.1 g
magnesium sulphate, 0.002 g ferrous sulphate
dissolved in 10 ml of distilled water and stored
in refrigerator. Solution-B: 0.2 g of dipotassium
hydrogen phosphate was dissolved in 10mlof
distilled water and stored in refrigerator.
Solution-C: 0.1 g zinc sulphate was dissolved in
10 ml distilled water and stored in refrigerator.
100 ml of Czepak-Dox medium, 5 ml of solution
B, 0.1 ml of solution C, 89.9 ml, 3 g of glucose
and 2 g of Agar was dissolved in 89.9 mi
distilled water, autoclaved and used for slant
preparation [11].
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Chemical  synthesis of cerium  oxide

nanoparticles

Cerous nitrate (0.2 M) was mixed with
excess of 1M sodium hydroxide and stirred
continuously at room temperature at 1150 rpm
for 30 min light purple precipitate was formed in
10 min which later turned into creamy white
colour in 50 min. The above solution was
ultrasonicated followed by 24 hrs resting at room
temperature. The above solution was centrifuged
at 4800 rpm for 50min.The supernatant was
discarded and the pellet was washed with
deionized water and dried at 70°C for 5 hrs [13].
The procedure was modified slightly.

Production of L-asparaginase

Aspergillus terreus was inoculated in
250ml Erlenmeyer flask containing 100mlof
modified  Czepak-Dox  Liquid  medium
containing 2.0 g L-proline, 1.0 g L-asparaginase,
0.2 g glucose, 1.0 g sodium nitrate,0.052 ¢
potassium chloride, 1.52 g dipotassium hydrogen
phosphate, 0.001 g zinc sulphate, 0.001 g ferrous
sulphate and 0.052 g magnesium sulphate
maintained at pH 6.2.The fungus was grown
aerobically by agitating in an orbital shaker at
160 rpm at 32°C for 3 days after the incubation
period the culture was filtered using
Whatman#1filter paper, which is rich with
L-asparaginase [11].

Estimation of L-asparaginase activity and
protein concentration

Crude enzyme (0.1 ml) was added to 0.9
ml of 0.1M phosphate buffer (pH 8.5) along with
1ml of 0.04 M of L-Asparaginase and incubated
at 37°C for 10 min. The reaction was stopped by
adding 0.5 ml of 15% trichloro acetic acid, and
centrifuged at 6000 rpm for 10 min at 4°C. 0.1
ml of supernatant was taken and diluted to 8 ml
with distilled water.1ml of 2 M NaOH and 1 ml
of Nessler’s reagent were added and incubated
for 10 min at room temperature. Then OD was
taken at 480 nm [14]. The protein concentration
was estimated using Bradford's method [15].

Synthesis of nanobiocomposite of cerium oxide
nanoparticles and fungal L-asparaginase
bound with FITC

Cerium oxide nanoparticles (0.4 g) were
mixed with 400 ml of phosphate buffer pH (8.5).
4 ml of glutaraldehyde was added and stirred for
2 hrs at 30°C.0.004 g of FITC was dissolved in 4
ml of DMSO (1 mg/ml). 970 pl of FITC solution
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was taken and mixed with 200 ml of
asparaginase along with pre-treated
nanoparticles solution and stirred for 30 min at
4°C. The so formed cerium  oxide
nanobiocomposite solution was stored at 4°C for
6 hrs and later centrifuged at 5000 rpm for 30
min. The supernatant was discarded and the
pellet was washed with de- ionized water and
dried at 70°C for 5hrs.

Anticancer activity of nanobiocomposite of
cerium oxide nanoparticles and fungal
L-asparaginase using MTT assay

The MTT assay [16] is based on the
ability of live but not dead cells to reduce a
yellow tetrazolium dye to a purple formazan
product. The cells were maintained in MEM
(Minimum Essential Media). Cells (1x10°/well)
were plated in 24-well plates and incubated in
37°C with 5% CO,. After the cells reached
confluence, the various concentrations of the
samples were added and incubated for 24hrs.
After incubation, the samples were removed
from the well and washed with phosphate-
buffered saline (pH 7.4) or MEM without serum.
100ul/well (5mg/ml) of 0.5% 3-(4, 5-dimethyl-
2-thiazolyl)-2,5-diphenyl-tetrazolium  bromide
(MTT) was added and incubated for 4 hrs. After
incubation, 1ml of DMSO was added to the
wells .The absorbance was measured at 570nm
with UV- Spectrophotometer using DMSO as
the Dblank. The concentration of the sample
required to kill 50% of cell population (1Csp) was
determined graphically. The % cell viability was
calculated using equation 1.

% cell viability = (A570 of treated cells / A570
of control cells x 100) .....(1)

Graph was plotted taking % of Cell Viability in
Y-axis and concentration of the sample in X-
axis. Cell control and sample control was
included in each assay to compare the full cell
viability assessments.

Fluorescent microscopic study of cerium oxide
nanocomposite of L-asparaginase bound with
FITC

VERO and A549 cells were seeded with
(one lakh cells per ml) on a cover slip placed in a
6 well plate and incubated for 24 hrs. After
incubation, the mono layer of cells was treated
with ICsp concentration of cerium oxide
nanobiocomposite labeled with FITC and
incubated for 24 hrs. The treated cells were
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washed with sterile PBS. 70% ethanol was used
to fix the cells. 0.2 ml of propidium iodide (10
png/ml) was added to the cells and left for 15 to
30 min. The cover slip containing the stained
cells were removed from the 6 well plates and
placed on a clean grease free glass slide.
Fluorescent images of VERO and A549cells
were taken.

Results and discussion
Asparaginase activity

The specific activity of L-asparaginase
was reduced from 28.36 (IU/ml) to 23.41
(IU/ml) in cerium oxide nanobiocomposite. This
is because the active site of the enzyme is
involved in binding with cerium oxide
nanoparticles and FITC. Binding efficiency of
enzyme was found by calculating the ratio of
"total protein bound to nanoparticles” to "total
protein taken for binding". A = Protein bound to
nanoparticles = (Protein  concentration
in nanoparticles  (mg/ml)*Total volume of
nanoparticles suspension). B = Total protein
available for binding = (Protein concentration in
crude enzyme (mg/ml)*volume of crude enzyme
taken for binding).

Binding efficiency = (A/B)*100 .....(2)

Using eq. (1) the A value was calculated as
(0.328 mg/mI*60.49 ml=19.43 mg). B value was
calculated as (0.120*200=24 mg). Now Binding
efficiency = (A/B)*100 = (19.43)*100=82.6%

UV spectroscopic analysis of cerium oxide
nanoparticles and nanobiocomposite

Characteristic peak at 497 nm in (Fig.
1(a)) indicated the formation of cerium oxide
nanoparticles while peaks at 492 nm, 358 nm,
226 nm in (Fig. 1(b)) indicated the presence of
cerium oxide nanoparticles, binding of
asparaginase, FITC to cerium nanoparticles
respectively confirming the formation of cerium
oxide nanobiocomposite.

SEM analysis of cerium oxide nanoparticles
and nanobiocomposite

Fig. 2 (a) and (b) depicts the SEM image of
cerium oxide nanoparticles and
nanobiocomposite. The SEM images were taken
at 24 kV power setting, scanned between 5 t010
pm. these images were analysed at various
magnifications and the following characteristics
were observed. Both cerium oxide nanoparticles
and nanobiocomposite were spherical in nature
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having average size ranging between 2-3 nm and 2.77 nm respectively.
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Fig. 1. UV spectrum of (a) cerium oxide nanoparticles (b) cerium oxide nanobiocomposite

Fig. 2. SEM image of (a) cerium oxide nanoparticles at 20,000X (b) SEM image of cerium oxide
nanobiocomposite at 20,000X

XRD analysis of cerium oxide 1200 Il
nanobiocomposite 1000 -

The crystal structure of cerium oxide 800
nanobiocomposite was analyzed using X-RAY %’ 600
Diffraction (Fig. 3). The 2-theta values of the h= 100 .
Peaks were indexed using JCPDS FILE (43- N I
1002, 34-0394, 75-0076) and corresponded to 200 1
following planes of cerium crystal. The indexed 0 : ; ; ;

0 20 40 60 80 100

planes corresponded to phase centered cubic
fluorite structure of Cerium asparaginase
nanobiocomposite. The sharpness of the Peaks
indicated that the cerium oxide
nanobiocomposite was in pure crystalline phase.

2 theta
Fig. 3. XRD pattern of cerium oxide
nanobiocomposite

The average  particle size  of
nanobiocomposite was calculated using Scherrer
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formula given in eq. (3).
Dp=(0.98*L/B * CosB) ... (3)

where Dy is the average crystalline size, A is the
wavelength of the Cu Ka line which is equal to
1.54 nm, 0 is the Bragg angle (14.24°) and J is
the full width at half-maximum of the diffraction
peak in radians (0.562). The size was calculated
to be 2.77 nm.

H-NMR analysis Of FITC labeled asparaginase
bound cerium oxide nanobiocomposite

H-NMR spectrum of cerium oxide
nanobiocomposite in terms of chemical shift of
various functional groups is represented in Fig.
4. A strong narrow peak ranging from 1.2-1.3
ppm showed the presence of singlet peak
confirming the presence of secondary alkyl
group. The quartets at 1.4 ppm and at 1.5 ppm
showed the presence of secondary and tertiary
alkyl groups. The multiplet 7 peaks ranging
between 1.6-1.7 ppm confirms the presence of
allylic carbon and tertiary alkyl group. The
multiplet 7 peak at 1.8 ppm showed the presence
of alkyl tertiary carbon. Further multiplet 7
peaks ranging between 1.9-2.0 ppm is indicative
of the presence of allylic carbon. The multiplet
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and triplet peaks ranging between 2.0-2.1 and
2.1-2.2 ppm respectively showed the presence of

methyl ketone group. From the above
interpretation it can be confirmed that tertiary
alkyl group is involved in binding of

asparaginase to Cerium oxide nanoparticles.

FTIR analysis of FITC labeled asparaginase
bound cerium oxide nanoparticles and cerium
oxide nanobiocomposite

On comparing the FTIR spectrum of
cerium oxide nanoparticles and
nanobiocomposite the following peaks were
found in common (Fig. 5): 3400 cm™, 1400 cm’
11000 cm™, 1114 cm™ indicating the presence
of C-H medium stretch vibrations -N-H- stretch
vibration at 3400 cm™, alkoxy C-O medium
stretch vibration at 1400cm™, 1000 cm™ and
1114 cm™. Additional peak at 667 cm™was
found in cerium oxide nanobiocomposite
corresponding to SP? hybridized C-H medium
stretch vibration. Thus it can be inferred that SP?
hybridized C-H bond is involve in binding of
asparaginase to cerium oxide nanoparticles.

0.861
0.850
0.635

Fig. 4. H-NMR pattern of cerium oxide nanobiocomposite
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Fig. 5. FTIR pattern of (a) cerium oxide nanoparticles (b) cerium oxide nanobiocomposite

Anticancer effect of cerium oxide

nanobiocomposite on A549 cell line

Cerium oxide nanobiocomposite was
taken in various concentrations ranging from
1000-7.8 (pg/ml) and in various dilutions
starting from 1:1-1:64. The 1Cso value was found
to be 125 (ug/ml), providing cell viability of
52.62% (Fig. 6). Increase in the concentration of
cerium oxide nanobiocomposite (1000-7.8
(ng/ml) led to considerable decrease in viability
of the cells to as low as 30.37% (Fig. 6 and 7).
The absorbance values at 570 nm for each
concentration were noted which is indicative of
ability of live but not dead cells to reduce a
yellow tetrazolium dye to a purple formazan
product which were found to be as high as 1.846
for 7.8 (ng/ml) due to higher % of live cells and
low as 0.718 for 1000 (pg/ml) inversely due to
higher % of dead cells supporting its efficacy in
cancer cell apoptosis.

Fluorescent microscopic studies of cerium
oxide nanobiocomposite on A549 cell line

The cerium oxide nanobiocomposite of
asparaginase labeled with FITC was targeted
efficiently and internalized through cooperative
binding (endocytosis) with prolonged attachment
to the cell membrane due to the small size (2.77
nm) of synthesized cerium oxide nanoparticles
(Fig. 8). Due to their smaller size they form
cluster of certain size to induce membrane
invagination, with increase in time they were

©2018 The Authors. Published by G J Publications under the CC BY license.

internalized in the intracellular membrane as
clusters.

The strong columbic interactions
between the positively charged surface of the
nanoparticles and the negatively charged plasma
membrane, spherical shape of cerium oxide
nanobiocomposite aid in attachment and efficient
penetration into the cell. The presence of adapter
proteins attached to the clathrin coated pits help
in the attachment of ligands (aldehyde and
tertiary alkyl groups) on the surface of
nanoparticles to the receptors of the adapter
proteins  providing  sufficient  membrane
wrapping. The multidomain GTPase protein
Dynamin forms a helix around the nanoparticles
enclosed vesicle, facilitating pinching and
release of the vesicle into the cytosolic
compartment [17].
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Fig. 6. Cell Viability (%) of cerium oxide
nanobiocomposite on A549 cell line
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Fig. 7. Anticancer effect of cerium oxide nanobiocomposite on A549 cell line (a) Untreated A549 Cell
(b) Toxicity 1000 pg/ml (c) Toxicity 125 pg/ml (d) Toxicity 7.8 pg/ml

(a)

(b)

Fig. 8. Fluorescent microscopic images of (a) Control (A549 cell line) (b) A549 cells loaded with 1Csq

concentration of cerium oxide nanobiocomposite
Conclusions

The synthesized nanobiocomposite was found to
be 2.77 nm in size with phase centered cubic
fluorite structure which was confirmed from
SEM and XRD analysis. From FTIR and H-
NMR analysis it was confirmed that tertiary
alkyl group and SP? hybridized C-H bonds were
involved in binding of asparaginase to cerium
oxide nanoparticles. Anticancer testing of 1Cs
concentration of cerium oxide nanobiocomposite
on Ab549cell line confirmed the following

results: It can be inferred that cerium oxide
nanobiocomposite has % cell viability of 52.62%
on A549 cell line confirming its higher efficacy
against A549cell line. From fluorescent
microscopic studies it was confirmed that cerium
oxide nanobiocomposite has targeted efficiently
and was incorporated into the cytoplasmic
membrane proving its efficacy as a potential
lung cancer drug in the near future.
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